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REMARKS 

In this Amendment, claim 27 is amended and claim 33 is new. Thus, after entry of this 
Amendment, claims 27, 29, 30 and 33 are pending in the application. 

Claim 27 has been amended to remove the TS2/18 CD2 antibody limitation, which is 
now recited in new claim 33. 

Claim 27 has also been amended to remove the term "activation" from the preamble, as 
supported by page 1 of the specification. This amendment is intended only for clarity, and is not 
intended to be narrowing. 

Claim 27 has also been amended to recite that the cultured immunosuppressive cells 
"have an ability to suppress hypersensitivity of an immune system which causes autoimmune 
disease." This amendment is supported by page 3, lines 3 to 5 of the specification. 

No new matter has been added. 

Applicants respectfully request entry of the Amendment. 
Claim Rejections 

(A) At page 2 of the Office Action, claims 27, 29, and 30 are rejected under 35 USC § 
103(a) as obvious over Skibbens in view of Schwarz, Chavin (1994), Chavin (1993), and Jones. 
Specifically, the Examiner contends that the references teach the following. 

The Examiner contends that Skibbens teaches a culture device for the culturing of 
immunosuppressive cells, wherein the culture device is coated with an anti-CD3 antibody 
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(OKT3). The Examiner admits that Skibbens does not teach a device further coated with the 
F(ab) 2 fragment of the anti-CD2 antibody TS2/18 produced by the hybridoma HB-195. 

The Examiner contends that Schwarz teaches culturing T cells with the anti-CD2 
antibody TS2/18 and that such results in inhibitory effects on T cell activation. The Examiner 
contends that Schwartz also teaches that the epitope recognized by TS2/18 is a candidate for 
CD2-directed immunosuppression. 

The Examiner contends that Chavin (1994) teaches that anti-CD2 antibodies can be used 
to generate Th2 suppressor cells and that various anti-CD2 antibodies are interchangeable. 

The Examiner contends that Chavin (1993) teaches that anti-CD2 and anti-CD3 
antibodies synergize in an immunosuppression context. 

Finally, the Examiner contends that Jones teaches that whole antibodies and F(ab) 2 
fragments are interchangeable in the coating of devices for the incubation of lymphocytes. The 
Examiner further contends that Jones teaches that F(ab) 2 fragments may be preferable when, for 
example, the reduction of a background signal is desirable. 

The Examiner concludes that it would have been prima facie obvious to one of ordinary 
skill in the art at the time the invention was made to coat a culture device with an anti-CD3 
antibody, as taught by Skibbens, and the anti-CD2 antibody TS2/18 as taught by Schwarz, 
employing either the whole antibody or the F(ab) 2 fragment in view of the teachings of Jones. 
The Examiner believes that one of ordinary skill in the art would have been motivated to coat the 
device with both an anti-CD2 and anti-CD3 antibody given the teachings of the Chavin 
references. 
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With regard to Applicants' Remarks filed May 21, 2004, that the invention has 
unexpectedly superior properties, the Examiner believes that the properties of the present 
invention cannot be considered unexpected given the teachings of Chavin (1993) that anti-CD2 
and anti-CD3 antibodies synergize in an immunosuppression context. 

(B) At page 4 of the Office Action, claims 27, 29, and 30 are rejected under 35 U.S.C. § 
103(a) as obvious over EP'380 in view of Schwarz, Chavin (1994), Chavin (1993), and Jones 
(1992) as applied above. Specifically, the Examiner contends that EP'380 teaches a culture 
device coated with an anti-CD3 antibody and an anti-CD2 antibody that may include 
enzymatically cleaved antibody fragments. The Examiner admits that EP'380 does not teach the 
specific anti-CD2 antibody TS2/18 produced by the hybridoma HB-195 nor the use of a F(ab) 2 
fragment, but the Examiner believes that the secondary references as applied above are sufficient 
in this regard. 

Applicants 9 Response to Claim Rejections 

The present invention relates to a culture device for inducing immunosuppressive cells. 
The device comprises a container coated with the F(ab)2 fragment of at least one anti-CD2 
antibody and at least one anti-CD3 antibody, wherein the immunosuppressive cells have an 
ability to suppress hypersensitivity of an immune system which causes autoimmune disease. 

Applicants request reconsideration and withdrawal of the present 103 rejections, since the 
references alone or in combination do not suggest the present invention, and in addition, the 
present invention provides results that are unexpected over the cited references. 
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With regard to the rejection over Skibbens in view of the secondary references, 
Applicants submit that none of the references teaches a device for culturing immunosuppressive 
cells with an ability to suppress hypersensitivity of an immune system which causes autoimmune 
disease. As such, the Examiner has not established a prima facie case of obviousness. 

The Examiner states at page 2 of the Office Action that "[t]he '799 Patent (Skibbens) 
teaches a culture device for the culturing of immunosuppressive (suppressor) cells. . . ." However, 
Applicants respectfully submit that no suppressor cell is disclosed in Skibbens that can suppress 
hypersensitivity of an immune system which causes autoimmune disease. Skibbens states at 
column 33, lines 32-33, "[sjuppressor activity was determined by the ability of a y5+ cell culture 
supernatant to inhibit the proliferative response of PBLs to OKT3 or PHA." 

The supernatant described in Skibbens does not contain cells, and thus, the primary 
reference relied upon by the Examiner does not teach or suggest a culture device for inducing 
immunosuppressive cells that themselves have an ability to suppress hypersensitivity of an 
immune system which causes autoimmune disease, as recited in the present claims. The present 
invention is directed to a device for culturing immunosuppressive cells, especially 
immunosuppressive T cell as described at, for example, page 2, lines 24-25 of the specification. 
The present invention uses immunosuppressive cells per se in order to suppress T cell activation. 

In addition, Applicants submit that while the supernatant of Skibbens may suppress 
various T cells of no particular nature that are contained in normal peripheral blood lymphocytes, 
the immunosuppressive cells induced by the present invention suppress particular T cells, i.e. T 
cells activated with PPD, which is regarded as a causative agent of autoimmune diseases (see 
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Test Example 1). Therefore, the immunosuppressive cells of the invention will be suitable for 
treatment of autoimmune disease, as recited in the instant claims. 

Regarding the rejection over EP'380 as the primary reference, the device disclosed by 
EP'380 for inducing tumor-lysing cells contains anti-leukocyte antibodies including OKT3. In 
EP'380, tumor-lysing cells are cells that have the function of lysing tumor cells (page 3, lines 31 
to 32), such as cytotoxic T lymphocytes, natural killer cells and monocytes (page 1, lines 4 and 
5). Further, in EP'380, the induction of tumor-lysing cells refers to activation of killer activity 
(page 3, lines 41 to 42). That is, the device of EP'380 induces cytotoxic cells, the activity of 
which the present invention aims to suppress using immunosuppressive cells. Therefore, the 
target of induction of EP'380 clearly differs from that of the present invention, and thus cannot 
be combined with any reference for the purpose of suppressing T-cells, as such changes the 
fundamental nature of the device of EP'380. 

Further, regarding the combination of the secondary references, Applicants submit the 
following. 

The Examiner states that Schwarz teaches the culture of T cells with the anti-CD2 TS2/18 
antibody, and that this culture results in inhibitory effects on T cell activation, i.e., anti-CD2 
TS2/18 antibody inactivates the T cells. Schwartz also states that "[o]ne plausible explanation 
for our finding would be that TS2/18 interferes with the association of CD2 with other surface or 
intracellular proteins and, in this way, interferes with optimal signal transduction through CD2" 
(page 5818, right column, line 1 1-14). Thus, those skilled in the art who wish to activate T cells 
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and to thereby induce immunosuppressive cells would be discouraged to use TS2/18, as recited 
by claim 33. 

On the other hand, the immunosuppressive cell of the present invention are made through 
activation of T cells by contacting the T cells with F(ab) 2 fragment of at least one anti-CD2 
antibody and at least one anti-CD3 antibody. These activated T cells acquire an ability to 
suppress other T cells which will cause immunosuppressive diseases. Please see the 
specification, page 13, line 20-24, stating: As explained in the following TEST EXAMPLE 1 
and 2, in vitro, cells probably having immunosuppressive activity are mixed with human 
peripheral blood lymphocytes (hereinafter also referred to as PBL) that is newly obtained from 
the same person. Schwarz neither discloses nor suggests such contact. 

Regarding Chavin (1994), the Examiner states "Chavin et al (1994) teaches that anti-CD2 
antibodies can be used to generate Th2 suppressor cells and that various anti-CD2 antibodies are 
interchangeable." 

Applicants submit that Chavin (1994) induces immunosuppressive cells in vivo, and does 
not suggest that such cells should be or could be induced in vitro. It is recognized by those of 
skill in the art that the in vivo and in vitro events are quite different. For example, Chavin states 
"the administration in vivo of equimolar amounts of F(ab') 2 anti-CD2 only partially inhibited 
CTL, suggesting that Fc-related signaling might be important" (page 3731, Results, first 
paragraph). They conclude that "the precise nature of the Fc-related immunosuppressive events 
is uncertain; however, they may facilitate intercellular interaction and induction of regulatory 
cell subsets (page 3736, right column, line 10-13). 
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However, to the contrary, immunosuppressive cells are effectively induced in vitro when 
the Fc fragment is removed as shown in Fig. 6 of the present application. Therefore, Chavin 
does not suggest that the F(ab) 2 fragment of at least one anti-CD2 antibody and at least one anti- 
CD3 antibody may be used to induce immunosuppression in vitro, and as such, Chavin (1994) is 
improperly combined with the primary references, which allegedly teach in vitro culture 
devices. 

Further, regarding Chavin (1993), the Examiner states that anti-CD2 and anti-CD3 
antibodies synergize in an immunosuppression context. However, the immunosuppression of 
Chavin (1993) also involves in vivo induction, which does not suggest that anti-CD2 and anti- 
CD3 antibodies synergize in an immunosuppression context when coated in vitro. Thus, Chavin 
(1993) is improperly combined with the primary references allegedly teaching culture devices. 

Regarding Jones, Jones describes that "such heterophil antibody interference can usually 
be eliminated by the inclusion of large amounts of absorptive, non-immune serum in the diluents 
or the use of antibodies that have had their Fc portions enzymically removed (page 238, bottom 
of left column). In other words, Jones suggests that, due to the lack of the Fc fragments, it is 
possible to eliminate Fc-mediated non-specific antibody binding, which teaching is irrelevant to 
the present invention, and as such, does not suggest to one of skill in the art to prepare a culture 
device for inducing immunosuppression in vitro using the F(ab) 2 fragment of a anti-CD2 
antibody. 

Consequently, the references cited by the Examiner are improperly combined, and as 
such, the Examiner has not made a prima facie case of obviousness. 
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Regarding the Examiner's statement that "the properties of the instant invention cannot 
be considered to be unexpected given the teachings of Chavin et al. (1993) that anti-CD2 and 
anti-CD3 antibodies have been shown to synergize in an immunosuppression context," 
Applicants respond as follows. 

In Chavin (1993), a synergistic immunosuppressive effect was observed when 
administration of an anti-CD3 antibody was delayed as to the anti-CD2 antibody, and the 
immunosuppressive effect was only additive when identical doses of monoclonal antibodies 
were administered concurrently (page 906, left column, lines 37 to 41, and page 903, right 
column, lines 20 to 28). In fact, none of the cited reference, including Chavin (1993), describe 
nor suggest that the combination of F(ab) 2 fragment of anti-CD2 antibody and anti-CD3 antibody 
in a culture device provides a synergistic immunosuppressive effect. 

The present invention relates to a culture device coated with both F(ab)2 fragment of anti- 
CD2 antibody and antiCD3 antibody. According to TEST EXAMPLE 1 of the present 
specification, the effect of the present invention is that activity of T cells is suppressed 78%, in 
contrast to when F(ab) 2 fragment of anti-CD2 antibody alone and anti-CD3 antibody alone are 
used, whereby the activity is suppressed 20% and 50% respectively. Hereinafter, it is described 
that the result of 78% suppression is an unexpected and synergistically increased effect. 

In TEST EXAMPLE 1 of the present specification, the combination of F(ab) 2 fragment of 
anti-CD2 antibody (10 ug/ml) and anti-CD3 antibody (10 ug/ml) is used, and a total of 20 ug/ml 
is used. On the other hand, in the case of F(ab) 2 fragment of anti-CD2 antibody alone and anti- 
CD3 antibody alone, the amount used is 10 ug/ml respectively, and is not 20 ug/ml. However, 
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this is because it is generally considered in the art that the maximal effect is reached with 10 
ug/ml of an antibody, and the effect is not increased after 10 ug/ml. In addition, this is clear 
from the description of Buysmann et al (1996) which is attached hereto, stating, "both the 
increase in NKI-L16 and CDllb expression were dose dependent, reaching a maximal effect with 
10 ug/ml for OKT3" (page 407, right column, lines 19 to 21). Therefore, the amount used is 10 
ug/ml respectively, in the case of F(ab)2 fragment of anti-CD2 antibody alone and anti-CD3 
antibody alone, because the same result is obtained even if 20 ug/ml is used. 

Further, since the effect is not enhanced past 10 ug/ml of an antibody, those skilled in the 
art would consider that even if F(ab)2 fragment of anti-CD2 antibody (10 ug/ml), which has 20% 
suppression effect, is combined with anti-CD3 antibody (10 ug/ml), which has 50% suppression 
effect, the effect of the combination is at most 50% suppression. Thus, the result of 78% 
suppression of the present invention, by combining and concurrently using F(ab)2 fragment of 
anti-CD2 antibody and anti-CD3 antibody, is an unexpected and synergistically increased effect. 

Therefore, the present invention provides results that are unexpected over the combined 
teachings of Skibbens, Schwarz, Chavin (1994), Chavin (1993) and Jones, and EP'380. 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned at the telephone number listed below. 
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The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 



Respectfully submitted, 



SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 




WASHINGTON OFFICE 



23373 



CUSTOMER NUMBER 



Date: November 8, 2004 
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Adivilion and Increased Expression 0 r Adhesion Molecules on Peripheral 
Blood L,».h.i,t.. Is . Mechanism tor the Imm.di.1. Lymphocy.opcn.a 

After Administration of OKT3 

By Saskia Buysmann, Frederike J. Bemelman, Peter Th.A. Sche.lekens. Yvet.e van Kooyk. Carl G. Figdor, 

and Ineke J.M. ten Berge 



We investigated the mechanism by which antihuman CD3 
monoclonal antibodies of the isotypes lgG2a (eg, OKT3) and 
IqA (eg. IXA) can induce the rapid disappearance of virtua ly 
all circulating T lymphocytes. We hypothesize that upregula- 
tion of adhesion molecules on the lymphocyte membrane 
contributes to this effect. However, this hypothesis is d.fh- 
cult to test, because of the inherent lymphocytopenia and/ 
or shifts in lymphocyte populations between intra and extra- 
vascular compartments. Therefore, studies in vitro were per- 
formed, as well. Analysis of peripheral blood lymphocytes 
isolated at several times after addition of OKT3 or IXA to 
whole blood of healthy individuals showed an immediate 
increase in the proportion of T cells expressing NKI-L16, an 
activation epitope on CD11a/CD18. Likewise, an increase in 

IT IS well-established thai OKT3, u murine Ig02a mono- 
clonal antibody directed against the CD3 molecule on 
human T lymphocytes, is a potent immunosuppressive agent 
in prophylaxis and treatment of acute allograft rejection. * 
It is generally assumed that the concomitant immediate and 
profound peripheral blood lymphocytopenia 4 is caused by 
sequestration of OKT3-scnsili7.ctl T lymphocytes, following 
binding to l-c- and complement receptors. 5 " 7 However, this 
cannot be the sole explanation, in particular for the initial 
phase of T lymphocytopenia. Indeed, previous studies with 
murine isotype switch variant CD3 monoclonal antibodies 
in chimpanzees, as well as humans, have shown that the 
lgG2a, as well as IgA isotypes, can induce an immediate, 
although transient, lymphocytopenia."" Hccause neither 
chimpanzees nor humans express Pe receptors lor murine 
IgA and monomcric IgA is generally assumed to have poor 
complement-activating capacity, 9 the rapidly occurring 
lymphocytopenia induced by the anli-CD3 monoclonal anti- 
bodies must have other causes. We hypothesize that binding 
to vascular endothelium via adhesion molecules is instru- 
mental in the rapidly occurring peripheral lymphocytopenia. 

In vivo, adhesion of peripheral blood lymphocytes to en- 
dothelium is a mulliplc-siagc process, starling with a low- 
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CD11b/CD18 expression occurred. In parallel experiments, a 
transiently increased adhesion of T cells to endothelial cell 
monolayers was observed. This adhesion could be com- 
pletely blocked by anti-CD1B or anti-CD11a monoclonal anti- 
bodies and only partly by an anti-CD11b antibody. Our data 
indicate that upregulation of activation epitopes of CD11a/ 
CD1B, as well as increased expression of CD11b/CD18 on T 
lymphocytes, may result in increased adhesion of these cells 
to intercellular adhesion molecule-1 (ICAM-1) and ICAM-2 on 
vascular endothelium. This phenomenon may, at least, 
partly explain the rapidly occurring peripheral lymphocyto- 
penia observed in vivo. 

© 7396 by The American Society of Hematology. 



avidity contact via CD62L (L-selectin) and resulting in Ihe 
rolling of lymphocytes along the endothelial cell layer, thus 
facilitating the binding of activated imegrins such as CD I la/ 
CD IS (lymphocyte function associated antigen- 1. LFA-I). 
CD 1 1 b/CD 1 8 (Mac- 1 ), and CD49d/CD29 (very late anligcn- 
4 VLA-4) to their respective ligands: intercellular adhesion 
molecule- 1 and -2 (ICAM-1 and ICAM-2) and vascular cell 
adhesion mnleculc-l (VCAM-I). Huwc interactions result 
in a high-avidity binding of lymphocytes lo endothelium. 
Likewise, incubation of T lymphocytes with anti-CD3 mono- 
clonal antibodies in vitro has been shown to result in a 
transient high-avidity state of the CD I la/CD IK complex ami 
an increased adhesion to ICAM-1 -coaled surfaces. This ef- 
fect was maximal after 10 minutes and subsided within 30 
minutes to 2 hours." To lest our hypothesis, we investigated 
in vivo as well as in vitro, whether OKT3 induces not only 
an increase in the avidity of the CD 1 1 a/CD 18 complex, but 
also or other adhesion molecules on T lymphocytes. Thus. 
CD2 positive anil CD3 positive peripheral blood lympho- 
cytes were studied for ihcir expression of CD62L. CD I la/ 
CD 1 8, NKI-L16 (a Ca 2+ -dcpcndcnt epitope on the CD Ha/ 
CD 1 8 complex, which is only expressed on activation), " 
CD 1 1 b/CD 1 8, and CD49d/CD29. Time-course studies were 
performed just before and at frequent lime intervals after 
administration of OKT3 to patients with acute kidney allo- 
graft rejection. Unfortunately, we were unable to perform 
similar studies with lgG2a and IgA isotype switch variants of 
CD3 monoclonal antibodies, because such variant antibodies 
were not available for clinical use. A control group consisted 
of patients with acute kidney allograft rejection who were 
treated with high-dose melhytpreclnisolonc only. 

Moreover, studies in vitro were performed in which pe- 
ripheral blood lymphocytes were incubated at 37°C in the 
presence of OKT3 or ihe IgA isotype switch variant anti- 
CD3 antibody, after which the expression or adhesion mole- 
cules was studied. Furthermore, we showed that an increased 
expression of adhesion molecules will result in an enhanced 
adhesion of T lymphocytes lo endothelial cell monolayers. 
Finally blockine studies were performed to identify the ad- 
hesion moleculc(s) that are responsible for this increased 
adhesion. 
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T-CEU ADHESION MOLECULES AFTER C03 MoAb 

MATERIALS AND METHODS 
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* n ,e lin:»l anlihody concentration was 10 which in nrevun.s 

s.mlics was shown lo rvsi.il in a maximal inhihihon ol ajlhcs.on. 
The adhesion was scored blindly ul 200 X magniheahon by three 
investigators imlcpcmlcnily. in a scmiquaniiiaiive way: 0 - no T 
cc „ s I = <sn T cells/held. 2 = .SO lo 100 I* cells/held. 3 = 100 
l„ rid T cells/liel.l. 'I - 2M1 1» .W T cells/licltl. 5 - >3!H) T cells/ 

l,C |lcciHi« il is diir.ci.ll to estimate the exlcnl lo which cross-linking 
occurs in vivo, since we do nol know which part of ihc achn.n.slercd 
, tmU) „, n fC03 monoclonal aniihody actually hinds lo ihc I cells 
; UH | which part remains unbound, holh the whole blood ^utelion 
,nd adhesion studies were performed with conccntrahons of OKT3 
„r IXA ranging from 0.01 lo 10 /ig/mL. To exclude ihc poss.b.hly 
,| n , ,he csiHcssion and function:.! activity of adhesii... molecules was 
iniluenced by any antibody no. directed lo the CD.Vr-ccll receptor 
complex, whole blood incubations and adhesion sludics were also 
performed wilh murine lgG2a mo.mcloml antihml.es d.recled 
Linsi either the CIM molecule (ie. CI-H-T4K or a major histocom- 
patibility complex (MHO class-l antigen (W6/32). instil of the 
CD> monoclonal antibody. Both the CD4 and die MIIC class- 
„ 1(1 nochm;d antibody were tested at concentrations ol 0.1. I. and 10 
//g/iul.- 

Calculations and Statistics 

Ahsotuu- munhrr of douhle-pasitivc cell,. This was determined 
by the percentage of double- posit We cells (calculated by means of 
PCLYSYS software from Becton Dickinson) multiplied by the abso- 
lute number of lymphocytes at the same lime point. All values arc 
expressed as mcmi ± standard error of mean (SkM). 

Mean llnonwncc intensity (MtU At all lime pomts the MR 
was calculated by means or PCLYSYS software. A total of 100% 
represent, the MR values obtained from the blo.nl samples helnrc 
the Marl of treatment. The values obtained several times alter admin- 
istration of OKT3 arc represented as a percentage of the prcircatmcnl 
value. All values arc expressed as mean ± SEM. 

Statistical analysis. Differences within groups were tested by 
Wilcoxon Test lor Matched pairs. A probability </') value < .05 
was considered to indicate a significant difference. 

RESULTS 

//; Vivo Studies 

Effect of OKT3 administration on peripheral T lympho- 
cytes As seen in Fig I. treatment wilh 5 mg OKT3 caused 
within 3 minutes in all of ihc 10 palicnls studied a sharp 
decline in ihc number of CD3 > peripheral blood lymphocytes 
(from 1.24 ± 0.15 X I0'7L lo 0.07 ± 0.01 X lO'VL. V < 
OS). From 3 minutes on, the number of goal anlimouse 
F(ab'), positive cells decreased in parallel, while the number 
of CDV cells remained very low during ihc whole study 
period. Likewise, Ihc absolute number of CD2' peripheral 
blood lymphocytes showed within 3 minulcs a rapid decrease 
from 1.40 ± 0.16 x I07L to 0.54 ; 0.06 X l()7L {!> < 
OS) Afterwards, ihc decrease in CD2^ lymphocytes was 
nunc gradual, until a lowest value of 0.08 ± 0.01 X 10 /L 
was reached, persisting for ul Icasl 4.5 hours. Only a partial 
recovery to 0.29 i 0.1 I X lO'VL was observed after 24 hours 
(ie, immediately before administration of ihc second OKT3 
dose). 
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Flo 1. Absolut, numbers ol CD2' ond CD3" lymphocytes on .d- 
ministration ol 5 mg OKT3 or 500 mg me.hylprednisolon. ^ Result, 
are given as mean ± SEM in each group In = Ml. KM. number_ ol 
CD2> cells lollowing OKT3: |.|. number ol C03' cell, lollowmg OKT3. 
tI JI. number of CD2' cells lollowing moll.vlprednisolono: (■). number 
ol CD3" cells lollowing melhylprerinisolone. 



Effect ofOKTJ mlminisirotum on the e.tprexxian of adhe- 
sion molecule* on peripheral Mood lymphocytes. Data ob- 
tained before and at 3, 10. 60. 120 minulcs. and 24 hours 
aHcr admii.isln.iicm oT Ihc lirsl dose of OKT3 are s.numa- 
ri/.cd in Table I. The MR ol CD62L on Ihc rcma.nu.g CD3 
posilivc cells decreased wi.l.in 120 minulcs lo 52 41 * 
12.86% orprclrcnlmcnl value (P < .05). The MFI or CD I la 
on dw remaining CD2 posilivc cells showed a 2.5- old ■«• 
crease after 3 minulcs and remained high for Ihc whole study 
period, while ihc MFI of CDIIa on ihc remaining CD3 
Litivc cells increased much less. The MFI o. NKMJ6 on 
,he remaining CD3 positive cells showed hardly mych^c 
(Tabic I). Before OKT3 administration. 22.86 * 4.39 k or 
ihc CD2 positive and 18.55 ±3.71* or •!« CD3 posilivc 
|y„,phocy.es were CDI lb positive. However Iron, 10 
minutes after OKT3 adminisiraiion. almost all the remwn- 
ine CD2*CD.V cells were CDI lb posilivc. and these 
CDI lb'CD2* cells followed the lotal number or CD- posi- 
tive lymphocyte*- Tl^ese remaining CD 1 1 b ' CD2 1 CD3 ap- 
peared lo be also CD.6 positive (da.a no. shown . a phemv 
iype chan.c.eris.ic for nalural killer cells. The MFI of CDI b 
on the remaining CD2 positive cells showed a I .X- old in- 
crease within 3 minutes following adminis.rat.on or OKT3 
and remained high Tor the whole study penod. The Mli ol 
CDI lb on the remaining CD3 positive cells also showed a 
I 9-lold increase within 10 minutes and remained elevated 
for at least 4.5 hours. No changes were observed m the 
percentage of CD49d positive cells or m Ihc MFI of CD4 W 
!,„ ,he.rcn.aining CI52 m«ilivc ami CD3 positive populat.on 
after administration or OKT3 (data not shown). • 

In ific 10 patients from the control group (treated with 
StW mg mclhylprcdnisolone only), the absolute .......hers ol 

CD2' peripheral blood lymphocytes initially increased Iron. 
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' Table E^ession of Adhesion Molecules on C03 Positiva and CD* Positive C«.ls A.,., Adm.nis Ua.ion o. 5 mg OKT3 
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Tinm (mini 
0 

3 

10 

60 

120 

24 h 

Time (mini 
0 

3 

10 

60 

120 

24 h 



ohs. no. 
MFI 

abs. no. 
MFI 

abs. no. 
MFI 

abs. no. 
MFI 

abs. no. 
MFI 

abs. no. 
MFI 



nhs. no. 
MFI 

abs. no. 
MFI 

nbs. no. 
MFI 

abs. no. 
MFI 

abs. no. 
MFI 

abs. no. 
MFI 



CD3' 
1.24 £ 0.15 

0.07 £ 0.01 

0.03 £ 0.01 

0.02 £ 0.01 

0.01 ± 0.004 

0.11 £ 0.03 

CD2" 
1.40 £ 0.16 

0.54 * 0.06 

0.34 £ 0.07 

0.13 ± 0.03 

0.09 £ 0.02 

0.29 ±0.11 



CD62LC03' 

1.06 £ 010* 
100.00 * 0.00 
0.07 ± 0.01 
89.49 ± 17.771 
0.05 ± 0.01 
. 86.15 ± 17.70 
0.02 £ 0.01 
76,26 £ 11.87 
0.01 i 0.001 
52.41 ±12.86 
0.07 £ 0.06 
ND 

CD62LXD2* 



1.06 
100.00 

0.20 
74.53 

0.11 
69.61 

0.06 
69.93 

0.01 
75.32 

0.15 
107.91 



t 0.19 
£ 0.00 
£ 0.04 
£ 4.98 
± 0.03 
£ 3.98 
* 0.05 
± 7.39 
£ 0.003 
£ 13.08 
£ 0.06 
t 16.52 



All values represent mean ± SEM (n 10). 
Abbreviation: abs. no., absolute number; NO. 
• x 107L. 

t Percent of prclrealment value. 



CDUn'CCO' 




1.30 £ 0.22 


0.40 £ 0.07 


100.00 ± 0.00 


100.00 ± 0.00 


0.10 ± 0.02 


0.07 £ 0.01 


137.48 £ 6.2B 


- 108.01 £ 2,92 


0.06 £ 0.01 


0.04 £ 0.01 


145.33 ± 10.71 


111.55 £ 5.04 


0.04 ± 0.02 


0.01 £ 0.002 


133.30 1 10.89 


110.11 i 9.75 


0.01 £ 0.004 


0.01 £ 0.003 


121.81 £ 1390 


122.30 £ 7.05 


0.16 £ 0.09 


0,01 £ 0.002 


ND 


ND 



CD11a'CD2* 



1.40 
100.00 

0.55 
241.76 

0.34 
252.68 

0.20 
255.57 

0.09 
218.26 

0.30 
176.44 



0.16 
1 O.OO 
£ 0.06 
£ 20.21 
1 0.07 
£ 22.25 
£ 0.08 
£ 24.16 
£ 0.02 
£ 16.67 
± 0.11 
£ 10.14 



tNKI-L16rCD2' 



0.47 
100.00 

0.52 
125.75 

0.30 
126.42 

0.20 
125.57 

0.11 
123.71 

0.16 
136.21 



T 0.05 
i 0.00 
£ 0.06 
£ 11.75 
£ 0.08 
£ 15.80 
£ 0.08 
± 16.70 
£ 0.02 
£ 16.88 
£ 0.07 
£ 27.14 



CD11b'CD3' 

0.23 £ 0.05 

100.00 £ 0.00 
0.04 ± 0.004 

168.60 £ 12.35 
0.02 £ 0.003 

187.27 ± 18.87 
0.01 ± 0.01 

227.01 i 33.72 
0.01 £ 0.004 

196.33 £ 24.26 
0.03 £ 0.01 
NO 

CDIIb'CDZ' 



0.32 
100.00 

0.48 
179.70 

0.31 
169.37 

0.18 
174.02 

0.08 
157.55 

0.18 
155.15 



± 0.03 
£ 0.00 
£ 0.05 
£ 18.82 
£ 0 07 
£ 17.55 
£ 0.08 
£ 18.59 
£ 0.02 
£ 20.28 
£ 0.07 
£ 36.95 



not determined- 



I 53 ± 0.23 x lO'VL be lore drug administration lo 1 .85 ± 
0.20 X I0'7L nl 10 minutes thereafter. From 15 minutes 
onwards, the CD2* cell counts showed a gradual decrease 
to 0.45 ± 0.02 x I0'7t after 4.5 hours. After 24 hours, they 
had almost completely recovered to 1.35 ±0.17 X I07L 
(Fie I). The absolute number of CD3 positive cells remained 
constant during the first 15 minutes and then decreased and 
recovered parallel with ihe CD2 positive cells (Fig I). No 
changes in the expression of ihc adhesion molecules CD62U 
CD It a/CD 18, NKI-L16. and CD49d/CD29 were observed 
from 15 minutes onwards, neither on CD2 positive nor on 
CD3 positive cells (data not shown). However the absolute 
number of CD I ibTD2* cells increased, from 0.51 ± 0.06 
X 107L before drug administration lo 1.02 ± 0.09 X 10 7L 
:il 10 minuies after saline administration, while the absolute 
number of CD I lb'CD.V cells remained constant during this 
time interval. The MFI of CDIlb on ihc remaining CD2 
positive and CD3 positive cells showed hardly any change 
(data not shown). 

//i Vitro Stuctiex 

Effect ofOKTJ tm the expression of adhesion molecules 
on peripheral lymphocytes. Addition of I M g/mL OKT3 or 
IXA to heparinizxcl blood from five healthy volunteers did 
not induce any change in Ihc absolute numbers of C02' 
cells. CD3- cells, and CD Id' CD56' CD3 " (nalural killer) 



cells and neither did Ihc expression of the adhesion mole- 
cules CD62U CD I I a/CD 1 8, and CD49d/CD29 on CD2 pos- 
itive and CD3 positive lymphocytes change (data not 
shown). In contrast, the number of CD3 positive lympho- 
cytes expressing Ihc activation epitope NKI-L16 on the 
CD I I a/CD 1 8 complex, showed a twofold increase within 3 
minutes after addition of I //g/mL OKT3 (Fig 2A), followed 
by a gradual decrease. Addition of I ,/g/mL IXA also in- 
duced a twofold increase in the number of CD3 positive 
lymphocytes expressing the NKI-L1 6 epitope on the CD I la/ 
CD 18 complex, although more slowly as compared with 
OKT3 (Fig 2B). No changes were delected in the absolute 
numbers of CDI la'CD.V cells (Fig 2A and B). nor in MFI 
of NKI-LI6 and CDI la, either after OKT3 or IXA (data not 
shown). In addition, an immediate increase in MFI of CDIlb 
on CD3 positive lymphocytes was observed on incubation 
with cither OKT3 or IXA, reaching a maximum at three 
limes the prcaddilion value after 60 minutes incubation (Fig 
3A and B). Both the increase in NKI-LI6 a nd CDI 1h expire- 
sion w ere dose dependent, reachin g a maximal effect with 
*I0 u e/mL for OKT3 and with I g B /mL t or IX A. A total of 
7) I j/g/mL QKT3 or IXA slid induced an increased expres- 
sion of both- adhesion molecules, but less than that observed 
with I //g/mL of each monoclonal antibody, and with 0.01 
/ig/mL OKT3 or IXA. no changes in adhesion molecule 
expression were delectable (data not shown). No changes 
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cells to endothelial cell monolayers. Figure 4A demonstrates 
that after 3 minutes incubation or OKT.Vcoalcd T cells with 
goal antimousc Ig at 37°C, an adhesion score of 4.15 ± 0.22 
was reached. Three minutes inclination of IXA-coated T 
cells with goal antimousc Ig at 37°C resulted in an adhesion 
score of 3.1 1 ± 0.26. The increased adhesiveness appeared 
to he transient, because after 30 or 60 minutes incubation, the 
adhesion scores decreased markedly (Fig4A). Dose response 
curves showed that maximal adhesion of T cells to endothe- 
lium was observed with n comvnl ration <>f I /'K/'"' * «» f V,,lu * r 
OKT3 or IXA. A total of 0.1 pg/mL OKT3 or IX A could 
still induce T-ccll adhesion to endothelium, but less than 
that observed with I //g/mL of each monoclonal antibody, 
while with 0.01 //g/mL OKT3 or IXA. no changes in adhe- 
sion could be detected (data not shown). As a positive con- 
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Fig 2 tA) Absolute numbers of [NKI L161XD3* and CDIlaXDr 
lymphocytes alter nclclition of ^ ,.g/mL OKT3 or 1 ,,0/mL of nn .rrele- 
vnni murine l 0 G2a monoc.onnl nntibndy to whole blood samples nl 
live healthy individuals. (B| Similar dole alter adcht.on of 1 ,ig/mL 
IXA or 1 ,,«j/mL ol an irrelevant murine IgA monoclonal 
Rcm.I.s n'o givon ns mean * SEM. Open bars, numbers of lNIKI- 
L1GrCD3' colls nllcr irrolovn.il isolypo control nntiboil.es; sohd bars, 
number of [NKI-L16rCD3' ce.ls after OKT3 |A, . « -IXA IBI; cross- 
hatched bars, number of CD11a*CD3* cells alter OKT3 (A) or IXA IB). 



occurred in the expression of NKI-U6 or COI lb on CD3 
positive cells in control samples incubated with murine 
luCPa monoclonal antibodies directed against either the CD4 
molecule or againsl a Ml IC class-l antigen, in any concentra- 
tion tested (data not shown). Irrelevant murine monoclonal 
antibodies of the IgG2a or IgA isotypc did not mcluce any 
altcralions in expression of these adhesion molecules (data 

not shown). . 

rnnrtional adhesion studies. Functional adhesion stud- 
ies were performed to lest whether the increase in expression 
of NKI-LI6 and CDI Ib/CDIS after incubation with OK13 
or IXA affected the adhesion capacity of the T cells. Indeed, 
incubation of purified T cells with I pg/mL OKT3 or IXA 
in vitro caused a transient increase in adhesiveness ol these 
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10 20 30 40 50 60 

Incubation time (minutes} 



blocking mAb 



+ NKI-L7 



+ TS 1/tB 




0 12 3 

score after 3 minutes incubation time 

Fig 4. (A) Adhesion of purified T cells to monolayers of endothelial 
cells. Results are represented as mean ± SEM (n = 8). (•). 1 /*g/mt_ 
OKT3; (■). 1 fig/mL IXA; (T), 50 ng/mL phorbol myristate acetate, 
(□), 1 /ig/ mL °' an '"elevant murine lgG2a monoclonal antibody; 
(Oh 1 nQfmt of on irrelevant murine IgA monoclonal antibody. (B) 
Blocking of anti-CD3 monoclonal antibody-induced adhesion of puri- 
fied T cells to endothelial cell monolayers with the monoclonal anti- 
bodies NKI-L7. Bear-1, and TS 1/18, directed against the a chain of 
the CDIla/CDIB complex, the tr chain of the CD11b/CD18 molecule, 
nnd tho common /J, Intogrln (CD18). respectively. Results aro given 
as mean ± SEM. Open bars, 1 jig/mL OKT3; solid bars, 1 fig /ml. IXA. 
Adhesion score 0, no T celts adherent to endothelium; 1, < 50 T cells/ 
field; 2. 50 to 100 T colls/fiold; 3. 100 to 250 T colts/field; 4. Z50 
to 350 T cells/field; 5, >350 T cells/fiold. scored Independently at a 
magnification of 200 * by three technicians. 



trol, T lymphocytes were incubated with 50 ng/mL phorbol 
myristate acetate. This resulted in an adhesion score of 4.67 
± 0.37. As a negative control, T cells were incubated with 
murine IgG2a monoclonal antihodics directed against either 
CD4 or a MIIC class-l antigen. No changes in adhesion 
score were observed in any of the concentrations tested (not 
shown). Irrelevant murine monoclonal antibodies of (he 
IgG2a or igA isotypc did not induce any alterations in adhe- 
sion score (Fig 4A). 

The theoretical possibility that circulating human anti- 
mouse antibodies, which could be present in scrum and can 
bind to the CD3 monoclonal antibody on one site and with 
Fc receptors on the other site, was excluded because the 
presence of human antimousc antibodies could not be de- 
lected by FACS analysis after incubating CD3 monoclonal 



antibody-coaled cells with human autologous scrum (data 
not shown). 

Blocking studies showed thai coincubalion of OKT3- or 
IXA-coatcd T lymphocytes with cither a CDI8 or a CDI la 
monoclonal antibody completely inhibited the increased ad- 
hesion as observed after 3 minutes incubation with goat 
antimousc Ig (Fig 411). Coincubalion with a COI lb mono- 
clonal antibody resulted in partial inhibition (Fig 4N). 

DISCUSSION 

In line with previous reports, the present study demon- 
strates that administration of the murine IgG2a antibody 
OKT3 causes a it immediate peripheral T lymphocytopenia. 
Studies as to the causative mcchamsm(s) of this initial rapid 
disappearance of CD2*CD3 + lymphocytes are hampered by 
this very same phenomenon, because cells arc no longer 
available for functional studies ex vivo. The decrease in the 
expression of CD62L on CD3 + T lymphocytes may reflect 
activation, leading to shedding of CD62L from the cell sur- 
face. 2021 Alternatively, it could reflect a preferential disap- 
pearance from the peripheral blood compartment of T cells 
with high CD62L expression. The latter possibility is sup- 
ported by our observation that in the experiments in vitro, 
no change in expression of CDo2L on T cells occurred. The 
increase in the percentage of CDI lb* and CD 1 6^ cells 
within the remaining CD2*CD3~ population suggests that 
the observed increase in expression (MFI) of CD I la and 
CDI lb and the decrease in MFI of CD62L on ihe remaining 
CD2 + CD3~ lymphocytes results from a selective enrichment 
in the peripheral blood compartment of natural killer cells, 
which arc indeed known to have a higher CDI In and CDI lb 
expression," (unpublished results), as well as a lower 
CD62L expression 21 as compared with T lymphocytes. The 
increase in MFI of CDI lb on the remaining CD3 positive 
lymphocytes might rcllect an actual uprcgulalion of this ad- 
hesion molecule, as was already described by Muto et a 1. 22 
These investigators showed that 30 minutes stimulation of 
T cells with 10 ng/mL phorbol inyrislaie aceliilc al 37°C 
resulted in a twofold increase in the MFI of CDI lb on T 
cells, as well as a twofold increase in the percentage of T 
cells expressing CDI lb. This increased CDI lb expression 
on T cells could not be blocked by cycioheximidc, sug- 
gesting the presence of cytoplasmic (granule) stores of 
CDI lb in the T cells. Phorbol myristate acetate is a direct 
activator of protein kinase C. Activation of T cells via the 
T-ccIl rcccptor/CD3 complex can also stimulate the inositol 
phospholipid mechanism, thereby giving rise to activation 
of protein kinase C. 12 which, in turn, may result in a rapid 
increase in CDI lb expression. 

To discriminate between the two possibilities of either 
redistribution of cells between peripheral blood and other 
lymphoid compartments or real uprcgulalion of adhesion 
molecules, the expression of these adhesion molecules was 
also measured on peripheral blood lymphocytes in vitro at 
various time points after addition of OKT3, as well as IXA, 
to whole blood of healthy control individuals. If IgA antibod- 
ies can indecd'eause an uprcgulalion of adhesion molecules, 
this could explain the immediate peripheral blood lymphocy- 
topenia that occurs after in vivo administration of a CD\$ 
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monoclonal antibody of ihe IgA class." despite the absence 
of It* reeeplors for murine IpA in humans anil I he inability 
of murine lu.A to activate lumtan complement. 

In eonirasi in ihc resulls obtained from ihe studies with 
OKT3 in vivo, no change in expression of CDI la was ob- 
served in vitro, although an immediate, marked increase was 
observed in the absolute numbers of NKI-LI6 positive T 
cells after addition of cilher OKT3 or IXA. Because the 
monoclonal antibody NKI-I.I6 recognizes a Or ' -dependent 
activation epitope 011 the CDI I a/CD IS complex, its expres- 
sion can be used as a parameter for aii activation stale of 
this adhesion molecule. However, il is known that expression 
of Ihc NKI-U6 epitope by itself is not sufficient for cell- 
ed! adhesion. Only after specific triggering of a lymphocyte 
by Cl)3 monoclonal antibodies through the T-cell receptor/ 
Cl)3 complex, the NKI-U6 epitope becomes capable of 
high-iifliiiily ligand binding.' 1 Thus, ihe increased expres- 
sion of this activation epitope, as demonstrated in the present 
simly may quite well play a role in the mechanism underly- 
ing the rapid decrease of CD I la ' | NKI-UM' Cltt'CIM ' 
ceils in the peripheral blood compartment after OKT ad- 
ministration, as these cells will strongly adhere to ICAM-I 
mid ICAM-2 on vascular endothelium. In contrast. CDI la' 
|NKI-L16| , CD2'CD3" cells would remain in the circula- 
tion, not being activated via the T-cell receplor/CD3 com- 
plex, which is a prerequisite for induction of the high-avidity 
slate of the CD I la/CD I S molecule. The observed increase 
in expression of CDI lb on CD3-posilive lymphocytes after 
the addition or either OKT3 or IXA in vitro is compatible 
with our findings in vivo after administration of 5 mg OKT3 
and may play an additional role in adhesion of T lympho- 
cytes to ICAM-I on vascular endothelium. 

Indeed, incubation of T lymphocytes with cither OKT3 
or iXA appeared It) induce an increased, transient adhesive- 
ness of these cells to endothelial celt monolayers within 3 
minutes. Because this increase was completely inhibited in 
Ihe presence of CDI la or CD I » monoclonal antibodies, and 
partly in the presence of a CDI lb monoclonal antibody. 
Ihc induced activation status of Ihe CDI I a/CD 1 8 molecule 
appears to be an absolute prerequisite for the immediate 
adhesion of T cells to vascular endothelium as induced by 
CD3 monoclonal antibodies. However, pari of the increased 
adhesion is also dependent on increased expression (if 
CDI lb/CD 1 8. 

The CD2'CD3 lymphocytes thai remained delectable in 
Ihe peripheral blood compartment appeared to be CDI lb' 
and CDIo\ a phcnolync characteristic for natural killer 
cells. The ongoing decrease in absolute number of such natu- 
ral killer cells between 60 and 120 minutes after the fust 
OKT3 administration might be caused by a release of in- 
terleukin-2, which is known to occur within 2 hours after 
Ihe fust dose of 5 mg OKT.V M: ' lnlerleukin-2 is able to 
induce an immediate selective disappearance of natural killer 
cells from the peripheral blood. 25 as can be explained by an 
increased adhesion of these cells to endothelium as was 
shown by in vitro studies.'' " In contrast, administration of 
meihylprednixolone did not induce a disappearance, but a 
iransicnt increase of CD I lb' CD2 ' cells, followed by a grad- 
ual, mi hi decrease, as described previously. > ; " 
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The persistence of lymphocytopenia after administration 
of OKT3 (or other anli-CD3 monoclonal antibodies of the 
lg(!2a isntype) may In* caused by at least two possibly coop- 
erating mechanisms: Il may result from opsonization of T 
lymphocytes by OKT3 and complement, followed by se- 
questration of such sensitized lymphocytes in Ihe mononu- 
clear phagocyte system. Alternatively, it may result from 
upregulalion of VCAM-I and ICAM-I on the endothelium, 
as induced by cytokines like tumor necrosis factor <r and 
interferon y. which are known to he released following 
OKT3 administration- : "' and which may lead to increased 
adhesiveness of the endothelium for its counlerstrttclures 
CD49d/CD29 and CDI I a/CD IS or CD I I b/CD I X. respec- 
lively. expressed on peripheral blood lymphocytes/" u Kvi- 
dencc for upregulalion of VCAM-I by CD3 monoclonal 
antibodies was provided by Hcrgcse et al u after administra- 
tion of the hamster monoclonal antibody U.V2CI I in mice. 

Because the murine IgA isntype switch variant CD3 
monoclonal antibody docs not bind to human Fc receptors, 
does not induce complement activation, and hardly resulls 
in release of cytokines, administration in vivo of IgA anu- 
CD3 antibody does not lead to persistent lymphcK-ylopenin.*" 
In conclusion, we provide evidence that on administration 
of CD3 monoclonal antibodies in vivo, the immediate pe- 
ripheral blood lymphocytopenia is. at least partly, explained 
by changes in ihe expression of adhesion molecules on the 
surface off lymphocytes, leading to increased adhesiveness 
of these celts to vascular endothelium. 

ACKNOWLEDGMENT 
We thank Dr S. .Suraehnn fur his clinical assistance and l : .NJ. 
van Wcpcn and S.L. Yong for their icelinical assistance. Wc also 
Ihank Professor Dr UA. Aarttcn for helpful discussions ami Dr 
W.l\ Zcylemakcr for critical reading of ihc manuscript. 

REFERENCES 

1 Nonnan DJ: Rationale for OKT3 monoclonal antibody treat- 
ment in transplant patients. Transplant I'roc 25:1- 1993 (siinpl I) 

2. Abramowic/. D. Goldman M: OKT3 for induction ot immuno- 
suppression in renal transplantation. Clin Transpl 7:3K2. I W 

X DeMallos AM. Norman W: OKT3 lor treatment ol rejection 
in renal transplantation. Clin Transpl 7:374. 1993 

A. Chalenoml L. Bamlrihaye Ml : . Kreis II. Goldstein CG. Schm- 
dler J Hach JF: Human in vivo antigenic modulation induced by 
the anli-Tcell OKT3 monoclonal antibody, f.ui J Immunol 1 2:97V. 
I9K2 

5. Kreis M. Ugcmlre C. Chalenoml I.: OKT3 in organ trans- 
plantation. Transplant Rev X I X 1 . 1 99 1 

ft. Gaston RS. Deicrhoi Mil. Patterson T. IVastholer I*. Julian 
HA Rather Wit. Laskow DA, Diethcln. AG. Curtis JJ: OK 13 lirsl 
dose reaction: Association with T eel I subsets and cytokine release. 
Kidney lm 39:141, 1991 . . 

7, Rotlt IM: OKT3: Immunology, production, purification, ami 
pharmacokinetics. Clin Transpl 7:367. IW 

K Rarlcvliet KJ. Junker M. lei. Merge KJM. van Lie. RAW. Wit- 
mink J* S.rcngcrs HAV, Aarden LA. Schellekens I'ThA: Anli- 
Cl)l murine monoclonal isotypc switch variants tested lor toxicity 
:HU | immunologic monitoring in four chimpanzees. Transplantation 
S():KX9. 1,990 . . 

9. Parlcvlicl KJ, ten llcrgc KJM. Yong St.. Siiraehm. Y W.lmtnk 
IM. Schellekens I'fhA: In vivn effects ol IgA and lgG2a anli-CHJ 
isntype switch variants. J Clin Invest 'M:2.M<>. I W 



T-CELL ADHESION MOLECULES AFTER C03 MoAb 



411 



10. Siiimi/.u Y. Newman W. Tanak;i Y. Shaw S: Lymphocyte 
interactions with endothelial cells. Immunol Today 1.1:10ft. 1992 

11. Ousiin ML. Springer TA: T-cei! receptor cross-linking tran- 
siently stimulates adhesiveness through LI ; A-L Nature 34l:ftl9. 
1989 

12. Figdor CG. van Kooyk Y. Kcizcr CD: On the mode or action 
of LFA-L Immunol Today 11:277. 1990 

13. Van Kooyk Y. Weder P. Hogervorsi l ; . Verhocvcn AJ, van 
Sevcntcr G. Ic VcUlc AA. Borst J. Kcizcr GD. Figdor CG: Activation 
of LFA-I through a Ca : ' dependent epitope stimulates lymphoeyte 
adhesion. J Cell lliol 1 12:3-15. 1991 

14. Kolk AHJ. Ho MLY. Klatscr PR. Eggeltc TA. Kuijpcr S. dc 
Jongc S. van Lccuwcn J: Production and characterization of mono- 
clonal antibodies to Mycobacterium tuberculosis, M. bovis (BCG) 
and M. leprae. Clin Exp Immunol 58:5 I I . 1984 

15. Goldstein G. Norman DJ. Mend I KK. Smith IL. Pharmacoki- 
netic study or orthoctonc 0KT3 scrum levels during treatment of 
acute renal allograft rejection. Transplantation 4 ft: 58 7. 1988 

Id. I'ontiju R. I lop C. *Brinkm;in 1 1 J - van Mourik JA. Slater R. 
Westcrvehl A. Pannekock H: Maintenance of vascular eiulnthelial 
ccll-spccihc properties after immortalization with an amphntrophic 
rcpliealion-dclicicnl retrnvirns containing human papilloma virus Ift 
Eft/E7 UNA. Exp Cell Res 216:199. 1995 

17. Sanchez-Madrid F. Krensky AM. Ware CF. Robhins E. 
Sirnmmgcr JL. nurakoff SJ. Springer TA: Three distinct antigens 
associated with human T-lymphocytc-mediated eytolysis: LFA-L 
LFA-2. and LFA-3. Proc Natl Acad Sci USA 79:7489. 1982 

18. Kcizcr GD. Visscr W. Vlicm M. Figdor CG: A monoclonal 
antihody (NKI-Llft) directed against a unique epitope on the or -chain 
of human leukocyte function-associated antigen I induces homolypic 
cell-cell interactions. J Immunol 140:1393. 1988 

19. Kcizcr GD. Borst J. Figdor CG. Spits H. Micdema F. Tcrliorst 
C. dc Vries JE: Biochemical and functional characteristics of the 
human leukocyte membrane antigen family LFA-L Mo- 1 and 
pl50.95. Eur J Immunol 15:1142. 1985 

20. Jung TM, Dailcy MO: Rapid modulation of homing receptors 
(gliOO"'' - '''' 1 ) induced by activators of protein kinase C. Receptor 
shedding due In accelerated proteolytic cleavage at the cell surface. 
J Immunol 144:3130. 1990 

21. Tedder TF. Penla AC. Lcvinc MB. Frccdman AS: Expression 
of the human leukocyte adhesion molecule. LAM I: Identity with 
the TQI and Leu-8 differentiation antigens. J Immunol 144:532. 
W0 

22. Muto S. Vetvicka V, Ross GD: CR3 (CD I lb/CD 18) ex- 
pressed by cytotoxic T cells anil natural killer cells is upregulaled 
in a manner similar to neutrophil CR3 following stimulation with 
various activating agents. J Clin Immunol 13:175, 1993 

23. Abramowic/. D. Schandcnc L. Goldman M. Crusiaux A, Vcr- 
eerslraeten P. de Pauw L. Wyhran J. Kinnaert P. Dupont E. Toussaiut 
C: Release of tumor necrosis factor, lnterleukin-2 and gamma-inter- 



reron in scrum after injection of OKT3 monoclonal antibody in 
kidney transplant recipients. Transplantation 47:ftOft. 1989 

24. Chalenoud L, Feiran C. Logendrc C. Thouard I. Merile S. 
Renter A. Gevaeil Y. Kreis II, I'tnnchimoul P. Bach JF: In vivo 
cell activation following 0KT3 administration. Systemic cytokine 
release and modulation by corticosteroids. Transplantation 49:697, 
1990 

25. Salvo G. Samoggia l\ Masciulli R, Boccoli G, A I la vena P, 
Mariani G. Bullo A. Montesoro E, Bulgarini D. Carlini P. Ruggcri 
EM. Arena MG. Ca magna A. Testa U. Calahrcsi F. Peschle C: 
lnterleukin-2 bolus therapy induces immediate and selective disap- 
pearance from pcriplier.il blood of all lymphocyte subpopu hit ions 
displaying natural killer activity: Role or cell adhesion to endothe- 
lium. Eur J Cancer 28A:8I8. 1992 

2ft. Amnson FR. Libby P, Brandon Ll\ Janicka MW. Mier JW: 
11-2 rapidly induces natural killer cell adhesion to human endothelial 
cells: A potential mechanism for endothelial injury. J Immunol 
I4LI5K. 1988 

27. Pankonin C Rcincri It, Ager A: Interactions between 11-2 
activated lymphocytes ami vascular endothelium: Binding lo ami 
migration across specialized and nonspecializcd cndoihclia. Immu- 
nology 77:51. 1992 - 

28. ten Berge RJM. Sauerwein MP, Yong SL, Schellekcns mi A: 
Administration of prednisolone in vivo affects the ratio of OKT4/ 
OKT8 and the LDH- isoenzyme pattern of human T lymphocytes. 
Clin Immunol Immuimpallml 30:*M. 1984 

29. Uuysmann S. van Diepen FN J, Yong SL. Surachno S. Schel- 
lekcns PThA, ten Beige RJM: Mechanism of lymphocytopenia fol- 
lowing administration of corticosteroids. Transplant Proc 27:871, 
1 995 

30. Dust in ML, Springer TA: Lymphocyte function associated 
antigen- 1 (L,FA-I) interaction with intercellular adhesion molecule- 
I (ICAM-1) is one of at least three mechanisms for lymphocyte 
adhesion to cultured endothelial cells. J Cell Biol 107:321. I9KH 

31. Elites ML Osborn L. Takada Y, Crouse C. Luhowskyj S, 
Hauler ME, Lobb RR: VCAM-1 on activated endothelium interacts 
with the leukocyte integrin VLA-4 at a side distinct from the VLA- 
4/libroneclin binding site. Cell ft0:577, 1990 

32. Carlos TM, Schwartz BR, Kovach NL, Yee E. Rosso M. 
Osborn L. Chi -Rosso G, Newman B. Lobb R. Harlan JM: Vascular 
cell adhesion molecule- 1 mediates lymphocyte adherence lo cyto- 
kine-aclivated cultured human endothelial cells. Blood 7ft:9ft5, 1990 

33. Shimizu Y. Newman W. Venkat Gopal T. Morgan KJ. Graber 
N. Dawson Bcall L. van Sevcntcr GA. Shaw S: Four molecular 
pathways of T cell adhesion to endothelial cells: Roles of LFA-L 
VCAM-I and ELAM-I and changes in pathway hierarchy under 
different activation conditions. J Cell Biol I 13:1203, 1991 

34. Bcrgese SD. Pcllelier RP. Ohyc RG. Vallera DA, Orosz CG: 
Treatment of mice with anti-CD3 mAb induces endothelial vascular 
cell adhesion molecule- 1 expression. Transplantation 57:71 I, I9M 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in Jl}j&^rilTages include but are not limited to the items checked: 

^xQblack borders " 
^□^mage cut off at top, bottom or sides 

□ faded text or drawing 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAy^SCA'C^DOCUMENTS 

-^Ll LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



